Abstract. This study proposes a potential field algorithm for formulating pedestrian route choice behavior during evacuation in individual-based models with discrete space representation. The potential field reflects the effect of the route distance, pedestrian congestion and route capacity on route choice. Numerical simulations show that the developed model can reproduce more route choice modes in a scenario compared with several existing models. Three groups of pedestrian evacuation experiments are conducted and the proposed model reproduces pedestrian route choices effectively.
and sometimes select routes with non-minimal costs. Therefore, to formulate real pedestrian route choice behavior, a potential field should be capable of controlling the ratios of pedestrians selecting each route.
We propose a potential field algorithm to formulate the route choice behavior of evacuating pedestrians in individual-based models with discrete space representation.
The potential field has the following three properties. First, it reflects the effect of route distance, pedestrian congestion and route capacity on the route choice. The effect of capacity on an individual's route choice is reflected in the free space in front of the individual. Second, it can formulate more route choice modes in a scenario than several existing potential fields. That is to say, by adjusting the parameters of the algorithm, the number of pedestrians selecting each route varies in a larger interval.
Thus, the algorithm is more likely to be used to reproduce real pedestrian route choice behavior. Third, it can formulate the route choice of pedestrians evacuating a facility with internal obstacles and multiple exits.
In Section 2, we introduce the algorithm and an associated individual-based pedestrian model with discrete space representation. In Section 3, we use numerical simulation to show that the potential algorithm can reproduce phenomena that several existing potential field algorithms cannot reproduce. Further, we conduct three groups of pedestrian evacuation experiments in a classroom. These experiments and a comparison of experiment results and model simulations are described in Section 4.
Section 5 concludes the paper.
Algorithm and Model Description
While the proposed model is applied to simulate pedestrian evacuation from a closed area with internal obstacles and n exits, it can also be applied to simulate pedestrian route choices in open areas such as plazas and parks. Pedestrian space is represented by two-dimensional square lattices. Each lattice site can be either empty or occupied by an obstacle or exactly one pedestrian. In each discrete time step t ∆ , the positions of all pedestrians are updated in a random sequence.
In each time step t ∆ , each pedestrian moves only one lattice site in the horizontal or vertical directions (i.e., the Manhattan Metric) or remains unmoving. When at least one direction of movement is available, the pedestrian moves one lattice site in a horizontal or vertical direction. The choice of direction is governed by the transition probability, which represents the possibility that the pedestrian moves the distance of a lattice site in each direction. If we let the probability of transition from one lattice site ( , ) i j into a neighboring lattice site 0 0 ( , ) i j in the horizontal or vertical
, it is computed as follows:
where U is a normalization factor for ensuring that When the potential algorithm is used to simulate pedestrian evacuation from a facility, the potential distribution in the space needs to be recomputed in each time step. The potential algorithm is a flood fill algorithm that can be run quickly enough in principle.
Numerical Results
We then simulate pedestrian route choices in a scenario shown in figure 1 . In the scenario, the area of a building is discretized into 50×50 lattice sites, including those 
Experiment Description and Results
In this section, we introduce three groups of pedestrian evacuation experiments and try to reproduce pedestrian route choice behavior using the proposed model.
The three groups of experiments were conducted in a classroom, which is illustrated ( )
where ijk N and ijk N  are the numbers of individuals evacuating from exit k ( 1, 2 = )
in Experiment i-j and Simulation i-j, respectively.
( )
where ijk t is the evacuation time of exit k ( 1, 2 = ) in Experiment i-j and ijk S is the number of evacuation time steps of exit k ( 1, 2 = ) in Simulation i-j. The time step 
Conclusions
We propose an algorithm for the potential field that navigates pedestrian route choice in the individual-based model to simulate the evacuation process of pedestrians from a facility. The potential field measures three factors that affect the route choice, including route distance, pedestrian congestion and route capacity. In addition, the proposed potential field algorithm is extendable to other areas. It may be used to consider pedestrian route choices in individual-based models with continuous space representation and vehicle route choices in urban networks. Further, it may be applied to autonomous robot navigation, providing solutions for a robot's path-finding issues. Figure 14 presents the flow chart of the potential algorithm. In this figure, Figure 14 about here***
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